In an EPQ inventory, it is important to control quality. Most of the models of the inventory control system are formulated with the assumption that all produced items are of good quality. But in reality, for any production company to produce all good quality products is impossible. On the other hand, due to the different phenomenons, there are so many goods which deteriorate after their lifetime. In such a situation, price discount is a common practice by the supplier that encourages the customer to purchase defective and deteriorated items other than regular purchase. So the effect of deterioration and defective items cannot be ignored in inventory models.
Without any ambiguity, many inventory model based on different kinds of vulnerabilities are classically modelled using the approaches from the likelihood hypothesis. Some of the business fit such conditions, yet applying these models as they may be, for the most part, prompts incorrect choices. Here fuzzy inventory models fulfil that gap and can get more exact outcomes for inventory problems, rather than the conventional likelihood hypothesis by using fuzzy set theory. It was presented by Zadeh (1965) , whose research work has been receiving considerable attention from investigators in production and inventory system. Bellmann et. al. (1970) proposed a scientific model of decision making in fuzzy condition. Later, Dubois et. al. (1978) defined some operations on fuzzy numbers. Zimmermann (1985) made an attempt to use the fuzzy sets in operation research. Syed et. al. (2007) investigated a fuzzy inventory model without shortages using signed distance method. Dutta et. al. (2012) contributed to fuzzy inventory model without shortage using trapezoidal fuzzy number. Maragatham et. al. (2014) researched a fuzzy inventory model for deteriorating items with price-dependent demand.
Motivation & Contribution of Study
In the proposed model, a fuzzy deterministic stock model for non-instantaneous deteriorating things with production proportional to demand is shown. Variable demand pattern depends on population, selling price and frequency of advertisement which is variable or constant according to any real-life situation. Here they are treated as constants. So, production company produces items according to demand. On the other hand, defection and deterioration occur for any production. In such a situation price discount is a common phenomenon. The inventory parameters are taken as the triangular fuzzy number. Signed distance method is used to defuzzify the model. The goal for finding the solution for minimizing the total cost has been derived. Such type of model has not yet been discussed in the inventory literature.
Definitions and Fuzzy Preliminaries
Definition 2.1: A fuzzy set Ã is a universe of discourse X is defined as the following set of pairs Ã={(x,μ Ã (x):x∈X }. Where μ Ã (x)→[0,1] is a mapping called the membership function of the set Ã and μ Ã (x) is called the membership value or degree of membership of x ∈ X in the fuzzy set Ã. The larger μ Ã (x) is stronger the grade of membership form in Ã. Definition 2.2 : A fuzzy set Ã of the universe of discourse X is convex if and only if for all x 1 , x 2 ∈ X, μ Ã (λx 1 + (1-λ)x 2 ) ≥ min[μ Ã (x 1 ), μ Ã (x 2 ) ] when 0≤λ≤1.
Definition 2.3:
A fuzzy set Ã of the universe of discourse X is called normal fuzzy set implying that there exists at least one x ∈ X such that μ Ã (x)=1. Definition 2.4: α-level set : The α-cut of Ã is defined as a crisp set A α ={x : μ Ã (x) ≥α, x ∈X where α∈ [0,1]. A α is a non-empty bounded closed interval contained in X and it can be denoted by A α =[A L (α) ,A R (α) ]. Where A L (α) and A R (α) are the lower and upper bounds of the closed interval respectively. Definition 2.5: A fuzzy number is a fuzzy set in the universe of discourse X that is both convex and normal. The following figure 1 shows a fuzzy number Ã. 
Definition 2.10: Defuzzification of Ã can be found by Signed Distance Method. If Ã is a triangular fuzzy number then sign distance from Ã to 0 is defined as:
which is a close interval.
Notations and Assumptions
This inventory model is produced based on the accompanying assumptions and notations which are utilized in Crisp and Fuzzy Environment.
Notations :
I(t) : The inventory level at any time t, t ≥ 0. t 2 : The time duration where there is no production but deteriorating and end of t 2 the inventory level diminished gradually to zero, t 2 > 0. t 1 +t 2 : The length of cycle time, t 1 +t 2 > 0.
Assumptions :
The rate of non-instantaneous decay whenever any time t > 0 is time proportional, θ(t) = βt; where, β( 0 < β < 1 ) is the scale parameter.
The demand rate D(m,p,f)= mf/p is dependent on population (m), selling price (p) of an item and the frequency of advertisement (f), where m, p, f > 0.
Production rate K(k,m,p,a)=kD(m,p,f)=k mf/p, where k is a positive constant.
Holding cost is h, a constant.
Lead time is zero or negligible.
The discounted rate d per unit per unit time.
The Defective items rate r per time for each cycle.
The horizontal planning takes place at an infinite rate.
There is no replenishment or repair of deteriorating and defective items in the given cycle.
The lead time is considered zero.
Production Inventory Model in Crisp Environment is produced as follow
Let, the producer start to produce items at the start of each cycle when t = 0 to satisfy the arriving demands in the inventory system. At the end of time t 1 , the production stopped where some produced items are defective. The inventory level is assumed to reach to its highest level L m (>0) at end of t 1 . During the time interval t 2 , the inventory level diminishes owing to customer demand and deterioration and finally falls to zero at t = t 1 +t 2 . Figure -2 delineates the inventory level of the proposed model.
The Inventory Level in t 1 (0 ≤ t ≤ t 1 ) : The produced items during t 1 would be depleted due to the instant demand as well as defective items. Under above assumption, during the period t 1 , the inventory status of the system is given by the following differential equation-
From the initial Condition I 1 (0) = 0 and I 1 (t 1 ) = L m got from above equation (1), and
The Inventory Level in t 2 (t 2 ≤ t ≤ t 1 +t 2 ): In this time, the inventory declines due to customers' demand and deterioration. Hence, the status of the inventory level during t 2 is governed by the following Differential Equation, dI 2 (t)/dt + β I 2 (t) = -D(m,p,f), for (t 1 ≤t ≤t 1 +t 2 )
From the boundary condition I 2 (t 1 +t 2 ) = 0 and dismissing the higher intensity of β and taking initial two terms of the exponential series, we get, 
3. The Inventory Holding Cost during the period . Using equation (2) Hence the average net cost function is (12) Now, the necessary condition for the total average cost function of the system is minimized if equation (12) is satisfying ∂Tac (t 1 , t 2 )/(∂t 1 ) = 0,
And ∂Tac (t 1 , t 2 )/(∂t 2 ) = 0,
The solution, which might be called feasible solution of the problem, of the conditions (13) and (14) give the optimal solutions of t 1 =t 1 * and t 2 =t 2 * which minimize Tac ( t 1 , t 2 ) = Tac ( t 1 , t 2 )* provide they satisfy the sufficient conditions-However, it's difficult to solve the problem by inferring an explicit equation of the solutions from conditions (13) and (14). Therefore, the optimal service level of t 1 =t 1 * and t 2 = t 2 * is solved by using the software LINGO 17.0. Moreover, it is also verified that the sufficient conditions of the optimality of the solutions of t1=t1* and t2=t2* are satisfied ( i.e. inequalities (15) and (16)) under certain conditions
The proposed Inventory Model in Fuzzy Environment is produced as follow
Presently the above model will be produced in fuzzy Environment. Due to uncertainly, it is difficult to characterize every one of the parameters definitely. It is assumed that, is Triangular Fuzzy Number in LRform then the total average cost function of the system per unit time in fuzzy environment is given by-
The fuzzy average total cost function (Tac is defuzzified by Signed Distance Method as follows, Now, the necessary condition for the average total cost function of the system is minimized if equation (18)satisfies The solution, which might be called feasible solution of the problem, of the conditions (19) and (20) gives the optimal solutions of t 1 =t 1 * and t 2 =t 2 * which minimize Tac sd (t 1 , t 2 )= Tac sd (t 1 , t 2 )* provided they satisfy the sufficient conditionsHowever, it's difficult to solve the problem by inferring an explicit equation of the solutions from conditions (19) and (20). Therefore, the optimal service level t 1 * and the optimal cycle time t 1 *+t 2 * is solved by using the software LINGO 16.0. Moreover, it is also verified that the sufficient conditions of the optimality of the solutions t 1 * and t 2 * are satisfied (i.e. inequalities (21) and (22) The solution of the crisp-model is in Table- 2 (2) When are Triangular fuzzy number then the solution is given in- (4) When only is Triangular fuzzy numbers then the solution is given in- Comparison of Optimal Solutions is given in Table- 8 
Sensitivity Analysis
Currently the sensitivity analysis of the optimal solution of the model for change system parameters C 1 , k, C 2 , m, f, h, p, d, l, r and β by -30%, -15%, +15%, +30% individually is analysed, keeping alternate parameters unaltered. The underlying information is taken from the numerical illustration. 
Limitations of the Study
In this proposed model of the inventory system, there were a few constraints, which are as follows:
